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SUMMARY 

A model similar t o  t he  McDonnell F3H-2N airplane has been t e s t e d  
a t  t r m s o n i c  speeds by the  National AdTiSGrf Committee f o r  Aeronautics 
with t h e  f ree- f l igh t  technique t o  determine i t s  pitch-up and buf fe t  
boundaries i n  addition t o  t h e  longitudinal s t a b i l i t y  and control  data  
obtainable with the  pu l se - t a i l  technique. Examination of t he  data  
revealed t h a t  a t  transonic speeds the s t a b i l i t y  i s  l e s s  a t  low t r i m  
angles of a t tack  than a t  high t r i m  angles of a t tack  up t o  a l i m i t .  Beyond 
t h i s  l imit ing angle, t h e  s t a b i l i t y  was reduced and became zero at  angles 
of a t tack  varying from 13O at M = 0.7 t o  9' a t  M = 0.9. It w a s  not 
possible t o  determine the  buf fe t  boundary. 

INTRODUCTION 

A t  t he  request of the  Bureau of Aeronautics, Department of t he  Navy, 
t k e  National Advisory Committee f o r  Aeronautics has t e s t e d  a model similar 
t o  the  McIbnnell F3H-2N airplane by the f r ee - f l i gh t  tec'hnirgLe t o  detemine 
i t s  pitch-up and maneuver buf fe t  boundaries i n  addi t ion t o  the  longitu- 
d ina l  s t a b i l i t y  and control data  obtainable with t h e  pu l se - t a i l  technique. 
Previous f r ee - f l i gh t  t e s t s  of nodels of the  McDonnell XF3H-l and F5H-U 
configurations are  reported i n  references 1, 2, and 3. Results of t he  
present t e s t  are presented herein with nc de ta i led  analysis i n  order t o  
expedite publication. The model w a s  supplied by t h e  McDonnell Aircraf t  
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1 Corporation and the tes t  w a s  made at the P i l o t l e s s  Aircraf t  Research 
I Sta t ion  zt  Wallops Island, Va.  *... * *  

000. 

Posi t ive directions of forces, moments, and displacenents are indi-  
cated i n  f igure 1. 

, AL acceleration p a r a l l e l  t o  fuselage center l i ne ,  g u n i t s  

I AN acceleration perpendicular t o  fuselage center l i ne ,  g units 

I acceleration perpendicular t o  plane of symmetry, g un i t s  AT 
- 
C w i n g  mean aerodynamic chord, f t  

Aerodynamic bending moment w i n g  bending-moment coefficient, , 

about 23.4 percent a t  spanwise s t a t i o n  

3 
I -ALcg ss 

CC chord force coefficient, 

CD drag coefficient,  CN s i n  a + C, COS a 

CL l i f t  coefficient,  CN cos a - Cc s i n  a 

cLt Value of CL on osc i l l a t ion  envelope - 4J - - 
A c h  Max value of CL on osc i l la t ion  envelope - C& 

Cm pitching-moinen? coefficient about center of gravity,  
~ 

Q 

Cms + C% dynamic-longitudinal-stability parameter, radian measure 

norrrai-force coefficient,   AN^^ w 
CN 

CY la teral-force coefficient, 
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acceleration due to gravity, ft/sec2 

FBSS moment of inertia of model in roll, slug-ft2 

nass moment of inertia of model in pitch, slug-ft2 

mass moment of inertia of model in yaw, slug-ft2 

longitudinal distance between normal accelerometers 

lift-drag ratio 

free-stream Mach number 

pressure measured on upper surface of right wing minus 
free-stream static pressure, Ib/sq ft 

period of longitudinal motion, sec 

free-stream static pressure, lb/sq ft 

free-stream dynamic pressure, 0.7~32 

Reynolds number based on 

free-stream static temperature, deg Iiankine 

model wing area, sq ft 

elapsed time after take off, sec 

time for anplitude of longitudinal motion to damp to half 
amplitude, see 

free-stream velocity, ft/sec 

wind velocity, ft/sec 

weight of model, lb 

aerodynamic-center location, distance aft leading edge of 
=ea1 aerodynaaic chord, ft 

angle 3f attack of fuselage reference at center of gravit,y, 
deg 

Value of a on oscillation envelope - q - -  b -  
& M a x  value of a on oscillation envelope - at 
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Y f l ight-path angle, deg 

0 
..oo.. 
: m  

angle of fmelage center l i n e  r e l a t i v e  t o  fixed reference, 
deg 

deflection of horizontal s t a b i l i z e r  r e l a t i v e  t o  fuselage 
reference, deg 

a i rec t ion  from which wind is  blowing, degrees from true @W 
north 

Subscripts: 

av average 

cg center of gravity 

0 value a t  minimum drag 

N nose 

t t r i m  

Derivatives with respect t o  a quantity are indicated as shown i n  the 
following exauqle : 

Specific conditions f o r  which a quantity i s  evaluated are indicated as 
shown i n  the  following example: 

= Pitching-moment coeff ic ient  at  a = 0 c%=O 

IXSCRIPTION OF MODEL AND INSTRUMENTATION 

Model 

The nodel, described in  figures 2(a) ,  (b ) ,  ( c ) ,  and (a )  and t a b l e  I, 
w a s  o r ig ina l ly  constructed as a l/ l0-scale model of t he  McDonnell XF3H-1 
airplane.  Subsequently, a McDonnell F3H-2N wing w a s  substi tuted,  and 
the XF3H-l horizontal  t a i l  was relocated t o  t h e  more aft posi t ion of t he  
F3H-2N hor lzonta l - ta i l  posit ion.  The a c t u a l  F ~ H - ~ ? J  fuselage i s  sonewhat 
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f a t t e r ,  a d  the horizontal  t a i l  is  somewhat larger .  This model i s  similaz 
i n  construction and instrumentation t o  the model described i n  reference 3. 
An electrohydraulic system pulsed the  en t i r e  horizontal  s t a b i l i z e r  abruptly 
between stops of  about +lo and -6' re la t ive  t o  the fuselage center l i ne .  
There w a s  no air flow through the model, since the  ducts were blocked 

~ 

~ 

. e  .:or 

DO 00 

0. 0. 

D O  0 
D O  

j u s t  inside the in l e t s .  
e 

Instrument at ion 

The model was instrumented so  tha t  Mach number, angle of attack, 
lift, drag, and pitching moment could be determined at  every ins tan t .  
In  addition, measurements of wing-root bending moment and absolute pres- 
sure on the upper surface of the  right w i n g  ( f i g s .  2 (a)  and ( d ) )  were made 
t o  a i d  i n  determining the buffet  boundary. 
f r o m  the model by an NACA telemeter. Altitude of the  model and neteoro- 
log ica l  conditions were determined f r o m  ground-based-radar and rawinsonde 
neasurements . 

These data  were transmitted 

TESTS APlD METHODS OF ANALYSIS 

"he model w a s  t es ted  by the f ree- f l igh t  rocket-boosted-model tech- 
Axes systems used i n  the  reduction and nique described i n  reference 4. 

analysis of the data are  shown i n  figure 1. 
the more important quant i t ies  obtained as the  model decelerated from 
M = 1.28 t o  0.69 
r i z e d  i n  f igure 4. 

A time his tory of some of 

The t e s t  conditions are  summa- is  given as f igure 3. 

RESIJLTS ANTD DISCUSSIOX 

The r e su l t s  of the t e s t  are  given i n  f igures  5 through 20. I n  order 
t o  expedite publication of these data, no detai led analysis w i l l  be made. 
However, several  simple observations are worth noting. 

T r i m  

In  f igure 5 ,  the trim l i f t  coefficient and angle of a t tack f o r  
6 = -6' show abrupt var ia t ions with Mach number near M = 0.9. 
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I Lift  

.eo. 
I .  , ...O0 ’ 

I n  figures 6 and 7, it i s  s e e n t h a t  the l i f t -curve slope increases 
I with angle of attack. Also, near M = 0.7 t o  0.8, C h  depends sig- 

00 .. 
0 .  0 
0 .  

*.e... 
1 . 0  

0 n i f i can t ly  on the sign of 6, figure 7(c) .  

The drag data, f igures  8, 9, 10, include base drag and, since the 
nodel i n l e t s  were blocked off,  an additive drag due t o  duct spi l lage.  
M i n i m  drag, f igure l O ( a ) ,  seems t o  be affected somewhat by s t a b i l i z e r  
posit ion.  Since the XF3H-l fuselage used on t h i s  model is  somewhat more 
slender than the actual  F3H-2N fuselage, the minjlrrum drag and (L/D),, 
data obtaiced i n  t h i s  t e s t  can not be applied d i rec t ly  t o  the F3H-2N 
airplane.  

Dynamic S tab i l i t y  ~- 
The values of C ms + C% presented i n  f igure 11( c )  were determined 

f o r  the l o w  a range, except f o r  the point a t  M = 1.1 which i s  f o r  the 
high a range. (These a ranges are defined i n  f i g .  I j ( b ) . )  The dashed 
portion of the curve is  l e s s  accurately defined than the so l id  par t .  

S t a t i c  Pitching Noment 

S t a t i c  s t ab i l i t y . -  By plot t ing C, against a, f igure 12, the 
s t a t i c - s t a b i l i t y  derivative (2% was obtained as  a function of a 

( f i g s .  l3(a) and ( b ) ) .  
and (d)) was obtained from plots  of Cm against CL, although these p lo ts  
are not presented. 
of the t e s t ,  the s t a b i l i t y  i s  l e s s  a t  low 
q ( 6  = -6’) up t o  a cer ta in  l i m i t  of angle of attack. 
l imit ing angle, the  s t a b i l i t y  is  reduced and becomes zero at angles of 
at tack varying from 13’ at M = 0.7 t o  go a t  M = 0.9. The pitching- 
moment coeff ic ients  at  zero angle of a t tack and at zero l i f t ,  given i n  
f igure 14 fo r  the two s t ab i l i ze r  sett ings,  exhibi t  no abrupt var ia t ions 
with Mach number. 
t o  the  F3H-2N airplane because of  the smaller horizontal  t a i l  used on the 
t e s t  model. 

The aerodynmic-center location ( f i g s .  l 3 ( c )  

The r e su l t s  show ( f i g .  13) t h a t  at  a l l  Mach numbers 
a,t ( 6  = +lo) than at high 

Beyond this 

Again, cautioo m s t  be used i n  applying these r e s u l t s  

Control effectiveness.- The effects  cf horizontal-s tabi l izer  deflec- 
15) are  t i o n  on lift, drag, and static-pitching-!Dent coeff ic ients  ( f i g .  

a l so  no t  d i rec t ly  applicable t o  the F3H-2N airplane. 



Aerodynaroic Wing Bendi,ng Idonent 

. 

As f o r  the other quantit ies,  t h i s  aerodynamic wing bending moment 
i s  h l s o  markedly nonlinear with angle of a t tack ( f i g s .  16 and 17) 
indicating t h a t  nost of t he  nonlinearit ies i n  t o t a l  airplane forces and 
mments can probably be traced t o  the d i r e c t  ccntribution of t he  wing. 
Since t h e  l i f t  on the portion of the wing outboard of t he  s t r a i n  gage 
w a s  not aeasured separately, these data cannot be used t o  deternine t h e  
la teral  center of pressure. 

Wing Pressure Coefficient 

The j-mq i n  @Wing when plotted against a ( f i g s .  18 and 19) i s  
9 

probEbljr ca-sed by the  passage of a shock over t h e  o r i f i c e  location. 
Note t h a t  a t  M = 0.95 ( f i g .  13(b)) t h i s  break occurs a t  
a = -1.8O (%ing 22 00) .  

Buff e t  

The telemeter records were inspected in order t o  determine t h e  
conditions under which buffet  osci l la t ions appeared. The results, 
p lo t ted  i n  figures 20(a) and (b) ,  were inconclusive; a spread of about 
8' i n  angle of a t tack a t  M = 0.7 and of 3° at  M = 0.9 is  shown i n  
f igure 20(b). 

A r o d e l  resenbling the McDonnell F3H-27: airplane w a s  t es ted  a t  
transonic speeds by the free-f l ight  technique primarily t o  determine 
i t s  pitch-up and buffet  boundaries. Examination of the data revealed 
tha t :  

1. A t  transonic speeds the s t a b i l i t y  i s  less a t  low trim angles of 
a t tack than at  high t r i n  angles of a t tack up t o  a cer ta in  l i m i t .  Beyond 



a 

t h i s  l imi t ing  angle, the  s t a b i l i t y  was reduced and became zero a t  angles 
of a t tack  varying fron 13' a t  ?.I = 0.7 t o  go a t  M = 0.9. 

2. It was not possible t o  deternine the  buf fe t  boundary. 

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va., April  30, 1956. 

Norman L. Crabill 
Aeronautical Research Sc ien t i s t  

Bruce G. Jackson 
Aeronautical Research Sc ien t i s t  

A p p r o v e d  : w a . m  
Joseph A. Shortal 

Aircraf t  Research Division 
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Node l ines 
--X-- indicates node l ine occurring when 
model was continuously shaken at  X cycles per second. 

O r i f  i c e  
1 oca t ion 

\ \  

120 ' \  / 

175 
240 1: 

315 341 

I I *- v I ! 
120 175 

Accelerometer locat ions 
A,normal a t  nose 
B,normal a t  cg 
C , chordwis e 
D , trans vers e 

( e )  Nodal lines and resonant frequencies at which t5ey  zcc l x r&  i~ the 
shake test. 

Figure 2.- Continued. 
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(d) Photogrzph of the upper surface of the right wing showing t h e  strain- 

gzge and pressure-orifice installations. 

Figure 2.- Concluded. 
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(a) Reynolds number. 
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(b) Dynamic pressure. 

(c) Meteorological cmditi!2nc at the tzst s i te .  

Figure 4.- Test conditions. 
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(a)  rim lift coefficient. 
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-4 

(b) T r i m  angle of attack of fuselage reference. 

(c) Stabilizer incidence relative to fuselage reference. 

Figure 5.- Trim characteristics. 
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Figure 9.- Induced-drag analysis. 
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(a) Minimum drag. 

(b) Induced drag. 
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(c) CL ranges for induced-drag factors. 

Figure 10:- Drag summary. 
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(a) Incremental amplitude ratios plotted against time for CL and a. 
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.1 

C 
Y 

(b) Period and time to damp to half amplitude of the longitudinal 
oscillations. 

_ -  

-6 

Clnq+%6 -4 

-2 

0 

1.2 1 .3  .9 1.9 1.1 .6 .8 
M 

( c )  Total damping derivative. 

Figure 11. - Dynamic-stability sunnnary. 
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(a) Static stability derivative, center of gravity at 27.9 percent of 
mean aerodynamic chord. 
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%- (b) Angle-of-attack ranges for 
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.20 

( c  f Aerodynamic-center location. 

(d) Angle-of-attack ranges for xgc. 

Figure 14.- Static-stability summry. 
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Figure 14.- Out-of-trim pitching-moment coefficient. 
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(a) Increment in lift coefficient due to stabilizer deflection. 

(b) Induced-drag coefficient due to stabilizer deflection. 

- .020 

c 5  -.010 
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M 

(c) Pitching effectiveness; center of gravity at 27.9 percent of mean 
aerodynamic chord. 

Figure 15.- Stabilizer effectiveness. 
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(a)  Bending-mment slope. 
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(b) Range of angle of a t tack  for  whjch s l q e s  apsly. 
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(,,I D n - J - - -  mlluirlg-moment intercept  and maximum-bending-moment coefficient.  

Figure 17. - Wing bending-mmnt summary. 
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(a) Wing-pres sure-coefficient slope. 
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(b) Angle of attack of break in slope. 
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(c) Values of wing pressure coefficient for a = -2' and at break in 
slope. 

Figure 19. - Wing-pressure-coefficient s m r y .  
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(a) cL at apparent buffet inception. 
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(b) a at apparent buffet inception. 

Figure 20.- Buffet surm8ary. 
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4.1.1.1 

A rnodel reserrbling the  :<IcDmnell F3H-2:'J airplane w a s  t e s t e d  a t  
transonic q e e d s  by the free-f l ight  technique t o  deternine i t s  pitch-up 
and bicffet boundaries i n  addition t o  t h e  longitudinal s t a b i l i t y  and 
control  data obtainable by t h e  pulse- ta i l  technique. 


